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Introduction: There is an increase in women delivering ≥35 years of age. We analyzed 
the association between advanced maternal age and pregnancy outcomes in late- 
and postterm pregnancies.
Material and methods: A national cohort study was performed on obstetrical low-risk 
women using data from the Netherlands Perinatal Registry from 1999 to 2010. We 
included women ≥18 years of age with a singleton pregnancy at term. Women with 
a pregnancy complicated by congenital anomalies, hypertensive disorders or diabetes 
mellitus were excluded. Composite adverse perinatal outcome was defined as stillbirth, 
neonatal death, meconium aspiration syndrome, 5-minute Apgar score <7, neonatal in-
tensive care unit admittance and sepsis. Composite adverse maternal outcome was de-
fined as maternal death, placental abruption and postpartum hemorrhage of >1000 mL.
Results: We stratified the women into three age groups: 18-34 (n = 1 321 366 [ref-
erence]); 35-39 (n = 286 717) and ≥40 (n = 40 909). Composite adverse perinatal 
outcome occurred in 1.6% in women aged 18-34, 1.7% in women aged 35-39 (rela-
tive risk [RR] 1.06, 95% confidence interval [95% CI] 1.03-1.08) and 2.2% in women 
aged ≥40 (RR 1.38, 95% CI 1.29-1.47), with 5-minute Apgar score <7 as the factor 
contributing most to the outcome. Composite adverse maternal outcome occurred in 
4.6% in women aged 18-34, 5.0% in women aged 35-39 (RR 1.08, 95% CI 1.06-1.10) 
and 5.2% in women aged ≥40 (RR 1.14, 95% CI 1.09-1.19), with postpartum hemor-
rhage >1000 mL as the factor contributing most to the outcome. In all age categories, 
the risk of adverse pregnancy outcomes was higher for nulliparous than for multipa-
rous women. The risk of adverse outcomes increased in both nulliparous and parous 
women with advancing gestational age. When adjusted for parity, onset of labor and 
gestational age, advanced maternal age is associated with an increase in both com-
posite adverse perinatal and maternal outcomes.
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in any medium, provided the original work is properly cited and is not used for commercial purposes.
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1  | INTRODUC TION
Advanced maternal age (AMA) is mostly defined as a pregnancy 
in women ≥35 or ≥40 years of age during their pregnancy or de-
livery.1-6 In the Netherlands, there has been an increase in women 
≥35 years giving birth, from 5.6% during the 1970s to 21.4% in 
2010, with increasing age at first child from 24.3 years in 1970 to 
29.4 years in 2010.7 In 2010, of all women who delivered in the 
Netherlands 18.2% were aged 35-39 years, 3.2% 40-44 years and 
0.1% >45 years.8
AMA is associated with adverse perinatal outcomes such as fetal 
death and adverse maternal outcomes, eg, emergency operative de-
liveries.3-6,9-13 In some countries it is advised in guidelines to induce 
women with an AMA in order to prevent adverse pregnancy out-
comes.14,15 Women with AMA have an increased risk of a late-term (41 
weeks + 0 days to 41 weeks + 6 days) and postterm (≥42 weeks + 0 days) 
pregnancy.16 Postterm pregnancy at any age is associated with adverse 
perinatal and maternal outcome, though the absolute risk of fetal death 
remains low.17,18 In the Netherlands and Scandinavian countries, it is 
being debated whether to induce labor at 41 weeks + 0 days or allow 
pregnancy to continue until 42 weeks + 0 days in low-risk women.19-22 
However, little is known of the association of maternal age with perina-
tal and maternal outcomes in each gestational week. To get more insight 
into possible associations, we analyzed the effects of both maternal age 
and gestational age on adverse pregnancy outcomes using data from 
the Dutch Perinatal Registry (Perined) to determine the effects of AMA 
on adverse perinatal and maternal outcomes in term-, late- and post-
term pregnancies.
2  | MATERIAL AND METHODS
2.1 | Database
A national retrospective cohort study was performed accord-
ing to the STROBE guidelines.23 Births registered between 1999 
and 2010 in Perined were used. Perined contains information on 
all pregnancies, deliveries, neonatal admissions and resubmis-
sions until 28 days after birth in the Netherlands, with a cover-
age of 96%.24 Since this study used anonymous data collected 
by Perined, no ethical approval was needed under Dutch law and 
regulations.25
2.2 | Inclusion and exclusion
We selected women with a singleton birth, no known fetal con-
genital anomalies, ≥37 weeks of gestation and a fetus in cephalic 
position. Women <18 of age, women with both preexisting and preg-
nancy-induced hypertensive disorder or preexisting or gestational 
diabetes mellitus were excluded from analysis. Thereby, we created 
a cohort mimicking a group of women with a relatively high prob-
ability of reaching 41 weeks + 0 days of gestation without medical or 
obstetrical interventions.
In general, pregnancy dating in the Netherlands is performed 
by first trimester ultrasound or, if ultrasound is not performed, by 
known last menstruation.26 Body mass index and smoking were not 
reliably reported and could therefore not be included in the analy-
ses. The women were stratified into three maternal age categories: 
18-34, 35-39 and ≥40 years.1 We defined age category 18-34 years 
as the reference group and both the 35-39 and ≥40 years categories 
as AMA. Within these age groups, women were also stratified by 
gestational age by week of gestation. We defined pregnancies with 
a gestational age of 37 weeks + 0 days to 40 weeks+ 6 days as the 
reference group, 41 weeks + 0 days to 41 weeks + 6 days as late-term 
and 42 weeks + 0 days to 42 weeks + 6 days as postterm pregnancy.
2.3 | Outcome measures
We studied the incidence of adverse perinatal and adverse maternal 
outcomes. Composite adverse perinatal outcome (CAPO) consisted 
of stillbirth, neonatal death (up to 28 days), meconium aspiration 
syndrome, Apgar score at 5 minutes <7, neonatal intensive care 
unit admittance for at least 24 hours and sepsis. Composite adverse 
Conclusions: The risk of adverse pregnancy outcome increases with advancing ma-
ternal age. Women aged ≥40 have an increased risk of adverse perinatal and maternal 
outcome when pregnancy goes beyond 41 weeks.
K E Y W O R D S
adverse pregnancy outcome, cesarean, delivery, induction of labor, maternal age, morbidity, 
mortality, postpartum hemorrhage, stillbirth
Suggestion of the team to keep the focus more on 
AMA:
In our cohort from 1999 to 2010, we found increasing com-
posite adverse perinatal and maternal outcomes in preg-
nancies between 37 weeks + 0 days to 42 weeks + 6 days 
in women with advanced maternal age (≥35 years), after 
adjustment for parity, gestational age and onset of labor.
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maternal outcomes (CAMO) consisted of maternal death, placental 
abruption and postpartum hemorrhage of >1000 mL. Though a case 
(woman or neonate) could suffer from more than one adverse event, 
it was counted as one event in the composite adverse perinatal out-
come or composite adverse maternal outcome. Mode of delivery 
was categorized as (1) spontaneous, (2) operative vaginal delivery 
due to fetal distress, operative vaginal delivery due to arrest of labor 
or operative vaginal delivery due to a combination of fetal distress 
and arrest of labor and (3) cesarean section, either elective cesarean 
section or emergency cesarean section based on fetal distress, ar-
rest of labor or a combination. We analyzed all modes of delivery 
separately in each age group.
2.4 | Statistical analyses
All outcomes were stratified for the three maternal age groups. Live 
birth was used as the denominator to assess the variables neona-
tal death, meconium aspiration syndrome, Apgar score at 5 minutes 
<7, neonatal intensive care unit admission and sepsis. In all other 
variables, “birth” was used as denominator to calculate proportions. 
Comparisons on percentages of mode of delivery were made by stat-
ing the numerator as number of “mode of delivery” and the denomi-
nator as “the total number of deliveries”. We used age 18-34 as a 
reference group and compared proportions in age group 35-39 and 
≥40 with proportions in the reference group on each variable with 
Chi-square testing. Relative risks (RR) and 95% confidence intervals 
(95% CI) are provided. Tests were performed two-sided and, because 
of multiple testing, P < .001 was considered statistically significant.
The association between maternal age and the occurrence of 
CAPO and CAMO was analyzed with risk ratios, estimated with a 
generalized linear model with the CAPO/CAMO event as dependent 
variable, and with age as the covariable (categories 18-34, 35-39 and 
≥40), adjusting for parity (categories nulliparous, multiparous), onset 
of labor (categories spontaneous onset of labor, induction of labor 
or elective cesarean) and gestational age (categories 37 weeks + 0 
days to 40 weeks + 6 days , 41 weeks + 0 days to 41 weeks + 6 days 
and 42 weeks + 0 days to 42 weeks + 6 days), and used a binomial 
distribution for the dependent variable and a log link. Data analyses 
were conducted with SPSS Statistics 23 (IBM Corp.).
2.5 | Ethical approval
No ethical approval was needed under Dutch law and regulations.25 
This study was approved by Perined under approval number 16.16.
3  | RESULTS
In the Perined database, 1 810 372 women had a term singleton 
birth in cephalic position without known congenital anomalies from 
1 January 1999 through 31 December 2010. We excluded 139 958 
(7.7%) women with a hypertensive disorder, 14 809 (0.8%) women 
with diabetes mellitus and 6613 women <18 years of age (0.4%), 
leaving 1 648 992 births in the total cohort (Figure 1).
Baseline characteristics and mode of delivery are shown in 
Table 1. Women with AMA were more often multiparous. Mode 
of delivery is shown in Table 2. Women with AMA had more labor 
inductions and fewer spontaneous vaginal deliveries in compari-
son with women without AMA. The rate of cesarean section was 
8.8% in women aged 18-34, 12.3% in women aged 35-39 (RR 1.35, 
95% CI 1.34-1.36), and 16.3% in women aged ≥40 (RR 1.98, 95% CI 
1.93-2.03), mainly due to an increase in elective cesarean section 
(2.5%, 5.2% and 7.1%, respectively). There was an increase in cesar-
ean section due to fetal distress (1.3%, 1.6% and 2.5% at age 18-34; 
F I G U R E  1   Flowchart cohort
Cohort 1999-2010, term, singleton births in cephalic posion without known congenital anomalies :
n = 1 810 372
Total included: n = 1 648 992
Excluded
Age 18-34:      n = 1 321 336
Age 35-39:      n = 286 717
Age ≥40:          n = 40 909
Perined Database: all birth outcomes ≥ 22 weeks of gestaon
High blood pressure:          n = 139 958
Diabetes Mellitus:      n = 14 809
< 18 years of age: n = 6 613
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TA B L E  1   Baseline characteristics
 
Cohort characteristics of the different age groups
Age
18-34 (ref) 35-39 ≥40
n (%) n (%)   n (%)   
1 321 366 80.1 286 717 17.4 RR 95% CI 40 909 2.5% RR 95% CI
Maternal characteristics
Nulliparous 632 797 47.9 69 999 24.4 0.42 0.41-0.42a  9390 23.0 0.33 0.33-0.34a 
Low SES 346 327 26.2 57 786 20.2 0.75 0.75-0.76a  10 305 25.2 0.95 0.93-0.97a 
White ethnicity 1 055 459 79.7 241 439 84.2 1.28 1.27-1.29a  31 505 77.0 0.85 0.83-0.87a 
Gestational age at delivery
37+0 -37+6 wk 68 095 5.2 14 573 5.1 0.99 0.97-1.00 2383 5.8 1.13 1.09-1.18a 
38+0-38+6 wk 174 002 13.2 40 691 14.2 1.07 1.06-1.08a  6435 15.7 1.22 1.19-1.26a 
39+0-39+6 wk 327 518 24.8 71 208 24.8 1.00 0.995-1.01 10 102 24.7 1.00 0.97-1.02
40+0-40+6 wk 412 785 31.2 87 165 30.4 0.97 0.96-0.98a  11 654 28.5 0.88 0.86-0.90a 
41+0-41+6 wk 269 398 20.4 58 252 20.3 1.00 0.99-1.01 8063 19.7 0.96 0.94-0.98
42+0-42+6 wk 69 568 5.3 14 828 5.2 0.99 0.97-0.999 2272 5.6 1.06 1.01-1.10
Onset of labor
Induction of labor 160 442 12.1 39 335 13.7 1.21 1.11-1.13a  6819 16.7 1.43 1.39-1.47a 
Elective cesarean 
section
32 730 2.5 14 941 5.2 1.80 1.78-1.82a  2902 7.1 2.84 2.74-2.95a 
aP < .001. 
TA B L E  2   Mode of delivery
 
Maternal age
18-34 (ref) 35-39 ≥40   
n % n %   n % RR  
1 321 366 80.1 286 717 17.4 RR 95% CI 40 909 2.5 RR 95% CI
Mode of deliverya 
Spontaneous 1 055 271 79.9 226 451 79.0 0.96 0.95-0.97#  30 515 74.6 0.75 0.73-0.76# 
Operative vaginal delivery 150 232 11.4 25 125 8.8 0.79 0.78-0.79#  3707 9.1 0.78 0.76-0.81# 
Fetal distress 39 464 3.0 7396 2.6 0.88 0.86-0.90#  1191 2.9 0.98 0.92-1.03
Arrest of labor 92 212 7.0 14 403 5.0 0.75 0.73-0.76#  1994 4.9 0.69 0.66-0.72# 
Fetal distress and arrest of labor 15 602 1.2 2827 1.0 0.86 0.83-0.89#  439 1.1 0.91 0.83-.999
Cesarean section 115 863 8.8 35 141 12.3 1.35 1.34-1.36#  6687 16.3 1.98 1.93-2.03# 
Elective 32 730 2.5 14 941 5.2 1.80 1.78-1.82#  2902 7.1 2.84 2.74-2.95# 
Fetal distress 16 778 1.3 4583 1.6 1.21 1.18-1.24#  1034 2.5 1.96 1.84-2.08# 
Arrest of labor 51 408 3.9 11 412 4.0 1.02 1.00-1.04 1889 4.6 1.19 1.14-1.24# 
Fetal distress and arrest of labor 9340 0.7 2421 .8 1.16 1.12-1.20#  480 1.2 1.64 1.50-1.79# 
Neonatal characteristics
Male 674 001 51.0 146 583 51.1 1.00 0.997-1.01 20 731 50.7 0.99 0.97-1.01
Birthweight
≥4000 g 219 662 16.6 57 370 20.0 1.20 1.19-1.21#  7627 18.6 1.14 1.12-1.17# 
≥4500 g 36 244 2.7 10 600 3.7 1.28 1.26-1.30#  1382 3.4 1.23 1.17-1.30# 
aSeparate items do not add to total % in mode of delivery, due to missing numbers. 
bP < .001. 
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35-39 and ≥40, respectively) or arrest of labor (3.9%, 4.0% and 4.6%, 
respectively).
Adverse perinatal and maternal outcomes are shown in 
Table 3. Composite adverse perinatal outcome was found in 1.6% 
of women aged 18-34 years, 1.7% of women aged 35-39 years 
(RR 1.06, 95% CI 1.03-1.08, P < .001) and 2.2% of women aged 
≥40 years (RR 1.38, 95% CI 1.29-1.47, P < .001). A 5-minute 
Apgar score <7 was the main contributor to this composite out-
come. Composite adverse maternal outcome was found in 4.6% of 
women aged 18-34, 5.0% of women aged 34-39 (RR 1.08, 95% CI 
1.06-1.10, P < .001) and 5.2% of women aged ≥40 (RR 1.14, 95% 
CI 1.09-1.19, P < .001). Postpartum hemorrhage was the main con-
tributor to this composite outcome.
Table 4 shows the association of AMA stratified by gestational 
age, parity and onset of labor with the composite adverse perinatal 
and maternal outcome in each age category. The incidence of both 
composite adverse perinatal and maternal outcome increased in 
women with AMA, irrespective of gestational age, parity or onset of 
labor, though the absolute risk difference is small and did not always 
reach statistical significance. Women with a higher gestational age 
and nulliparous women are more at risk for composite adverse perina-
tal or maternal outcomes, irrespective of maternal age. Women with 
a spontaneous onset of labor have a lower risk for composite adverse 
perinatal or maternal outcome in comparison with all other “onset of 
labor”, except for women ≥40 years having an elective CS. Composite 
perinatal and maternal outcomes were more strongly associated with 
gestational age than AMA was. For example, the risk difference be-
tween a gestational age of 42 weeks + 0 days to 42 weeks + 6 days 
and 37 weeks + 0 days to 40 weeks + 6 days on a composite ad-
verse perinatal outcome is 0.9%in women aged 18-34 years, 0.9% in 
women aged 35-39 years and 0.7% in women aged ≥40 years. These 
risk differences between gestational ages are slightly larger than the 
risk differences between the maternal age groups on composite ad-
verse perinatal outcomes. The risk difference between women aged 
18-34 and ≥40 is 0.6% in women with a gestational age of 37 weeks 
+ 0 days to 40 weeks + 6 days, 0.8% in women with a gestational age 
of 41 weeks + 0 days to 41 weeks + 6 days and 0.4% in women with a 
gestational age of 42 weeks + 0 days to 42 weeks + 6 days. Induction 
of labor was associated with an increased risk for composite adverse 
perinatal and maternal outcomes. Induction of labor in comparison 
with spontaneous onset of labor was more strongly associated with 
adverse outcomes than AMA was.
AMA is significantly associated with a higher incidence of CAPO 
(P < .001) after adjustment for parity, onset of labor and gestational 
age. Compared with women aged 18-34 years, risk ratios were 1.53 
(95% CI 1.43-1.63) for women ≥40 years and 1.22 (1.18-1.25) for 
women aged 35-39 years. AMA is also significantly associated with 
a higher incidence of CAMO (P < .001) after adjustment for parity, 
onset of labor and gestational age. Compared with women aged 
18-34 years, risk ratios were 1.21 (95% CI 1.16-1.27) for women 
≥40 years and 1.17 (95% CI 1.15-1.19) for women aged 35-39 years.
4  | DISCUSSION
In our cohort, we found an increase of both composite adverse peri-
natal and maternal outcomes in both advancing maternal age and 
increasing gestational age. However, the association between gesta-
tional age and composite adverse perinatal and maternal outcomes 
was slightly stronger than the association with AMA. In general, the 
absolute risk of a serious event remains low and the differences be-
tween the different age groups are small.
TA B L E  3   Composite adverse perinatal and maternal outcomes
 
Maternal age
18-34 (ref) 35-39 ≥40
n % n % RR 95% CI n % RR 95% CI
Composite adverse perinatal outcome 20 629 1.6 4778 1.7 1.06 1.03-1.08b  884 2.2 1.38 1.29-1.47c 
Stillbirth 2211 .17 619 .22 1.22 1.15-1.32b  122 .30 1.74 1.47-2.07c 
Neonatal deatha  684 .05 154 .05 1.03 0.70-1.19 22 .05 1.04 0.69-1.57
Meconium aspiration syndromea  1168 .09 291 .10 1.12 1.01-1.24 62 .15 1.69 1.32-2.15c 
5-min Apgar score <7a  12 229 .93 2748 .96 1.03 0.997-1.07 531 1.30 1.40 1.28-1.52c 
Neonatal intensive care unita  4362 .33 1125 .39 1.15 1.09-1.21b  199 .49 1.46 1.27-1.67c 
Sepsisa  6172 .47 1429 .50 1.06 1.01-1.107 252 .62 1.30 1.16-1.48c 
Composite adverse maternal outcome 60 196 4.6 14 261 5.0 1.08 1.06-1.10b  2 123 5.2 1.14 1.09-1.19c 
Maternal death 38 .003 12 .004 1.35 0.62-2.20 0 .000 Not calculable
Placental abruption 261 .020 68 .024 1.16 0.94-1.43 14 .034 1.70 1.02-2.63
Postpartum hemorrhage >1000 mL 59 972 4.5 14 204 5.0 1.08 1.06-1.09b  2 113 5.2 1.14 1.09-1.19c 
aLive birth. 
bP < .001 between 18-35 and 35-39 y. 
cP < .001 between 18-35 and ≥40 y. 
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Internationally, there is no predefined reference group of ma-
ternal age and no official definition of “advanced maternal age” or 
an “age interval” between groups which makes a clear comparison 
with the literature difficult.1-4,11,27-30 Most studies and guidelines 
use a reference group ≥18 or ≥20 years of age, or define AMA at 
≥35 or ≥40 years and use a 5-year age interval between groups in 
sub- analyses. To make our study more comparable to the existing lit-
erature, we chose to evaluate the risks in women aged 18-34, 35-39 
and ≥40 years.
Of all women in our cohort, 19.9% had a maternal age of 
35 years or older, which is higher than in the WHO multicountry 
survey on maternal and newborn health in women from 29 coun-
tries in Africa, Asia, Latin America and the Middle East (12.3%)4 
but more comparable to studies in high-income countries.3,28 
Our results are applicable to low-risk women with white ethnic-
ity in high-income countries with similar baseline characteristics. 
When adding up the risks for late-term and postterm pregnancy, 
we did not find age ≥40 years to be a risk factor for late-term 
pregnancy 41 weeks + 0 days. As described in a retrospective co-
hort study from 1995 to 1999 in 199 162 term women showing an 
odds ratio (OR) of 1.07 (95% CI 1.02-1.12) for AMA on late-term 
pregnancy.16 This difference can be due to a higher rate of induc-
tion of labor in women with AMA in our cohort, which decreases 
the number of women who can reach a higher gestational age 
or may be due to the fact that we studied a predefined low-risk 
population.
We showed an increase in risk of cesarean section overall and 
on all components separately in women with AMA. In two popu-
lation-based cohorts (in the UK and the USA) containing 214 296 
and 78 880 women, respectively, the proportions of cesarean sec-
tion increased in both elective and overall cesarean section as well 
in multi- and nulliparous women. We found a much lower absolute 
TA B L E  4   Association of advanced maternal age with adverse outcome stratified by gestational age, parity and onset of labor
 
18-34 y (ref) 35-39 y ≥40 y
n % n % RR 95% CI n % RR 95% CI
Composite adverse 
perinatal outcome
20 629 1.6 4778 1.7 1.06 1.03-1.08a  884 2.2 1.38 1.29-1.47a 
Gestational age
37+0-40+6 wk 14 234 1.4 3334 1.6 1.06 1.03-1.10a  616 2.0 1.38 1.28-1.49a 
41+0-41+6 wk 4828 1.8 1069 1.8 1.02 0.97-1.08 206 2.6 1.42 1.24-1.63a 
42+0-42+6 wk 1567 2.3 375 2.5 1.10 1.01-1.21 62 2.7 1.21 0.94-1.55
Parity
Nulliparous 12 907 2.0 1980 2.8 1.35 1.29-1.40a  335 3.6 1.76 1.58-1.96a 
Multiparous 7722 1.1 2798 1.3 1.11 1.08-1.15a  549 1.7 1.53 1.41-1.66a 
Onset of labor
Spontaneous onset of 
labor
15 424 1.4 3366 1.4 1.05 1.01-1.08 592 1.9 1.37 1.26-1.48a 
Induction of labor 4581 2.9 1165 3.0 1.03 0.98-1.09 247 3.6 1.26 1.12-1.43a 
Elective SC 624 2.1 247 1.8 0.91 0.82-1.01 45 1.8 0.85 0.64-1.13
Composite adverse 
maternal outcome
60 196 4.6 14 261 5.0 1.08 1.06-1.10a  2123 5.2 1.14 1.09-1.19a 
Gestational age
37+0-40+6 wk 40 576 4.1 9886 4.6 1.10 1.08-1.12a  1471 4.8 1.17 1.11-1.23a 
41+0-41+6 wk 15 027 5.6 3323 5.7 1.02 0.99-1.05 485 6.0 1.08 0.99-1.18
42+0-42+6 wk 4593 6.6 1052 7.1 1.07 1.01-1.13 167 7.4 1.12 0.96-1.31
Parity
Nulliparous 33 418 5.3 4808 6.9 1.28 1.25-1.32a  661 7.0 1.35 1.25-1.46a 
Multiparous 26 778 3.9 9453 4.4 1.09 1.08-1.11a  1462 4.6 1.19 1.13-1.25a 
Onset of labor
Spontaneous onset of 
labor
49 235 4.4 10 952 4.7 1.07 1.05-1.08a  1537 4.9 1.12 1.07-1.18a 
Induction of labor 9629 6.0 2659 6.8 1.11 1.07-1.15a  452 6.6 1.11 1.01-1.22
Elective SC 1332 4.5 650 4.9 1.05 0.99-1.12 134 5.3 1.17 0.99-1.38
aP < .001 between 18-35 and 35-39 y. 
bP < .001 between 18-35 and ≥40 y. 
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incidence of elective cesarean section, which is possibly due to 
the absolute lower rate of cesarean section in the Netherlands 
(around 12.5% in 2000 and 16.8% in 2010).3,8,31 Despite the lower 
incidence in our cohort, women ≥40 years of age received an elec-
tive cesarean section more often than woman aged 18-35 did, 
possibly indicating a lower threshold for performing a cesarean 
section in women with AMA. This observation could also be due 
to more parous women with a previous cesarean section in the 
AMA group. Since we did not have access to the complete Perined 
database but only to our requested frequencies and outcomes, 
we were not able to find evidence for our speculations. In our co-
hort, AMA is associated with an increase in emergency cesarean 
section (defined as fetal distress and/or arrest of labor) in both 
nulli- and multiparous women, which is in concordance with sev-
eral other studies.2,12,32-35 In our cohort, the impact of increasing 
maternal age on cesarean section as mode of delivery is larger if 
fetal distress was the indication for cesarean section than if the 
indication was arrest of labor. In absolute numbers, the incidence 
of an emergency cesarean due to arrest of labor is higher than 
cesarean due to fetal distress. Induction of labor in women with 
AMA showed no significant increase of cesarean section rates in 
more recent studies.27,29
The components of the composite adverse perinatal and ma-
ternal outcome are considered to be clinically relevant and reliably 
entered in the database, though the content of this composite out-
come can be discussed. Composite adverse perinatal outcome was 
significantly more often present in women with AMA, 5-minute 
Apgar score <7 being the factor which contributed most to this 
outcome. After approval of our study, the American College of 
Obstetricians and Gynecologists (ACOG) Committee published an 
update of their Committee opinion on the use and interpretation 
of the Apgar score in which a 5-minute Apgar score <4 is consid-
ered a nonspecific sign of illness which “may be one of the first 
indications of encephalopathy”. The ACOG recommends using this 
lower cut-off in outcome studies instead of a 5-minute Apgar score 
<7.36 We did not have data on the 5-minute Apgar score <4, though 
this has most probably led to a decrease in the absolute risk of the 
composite adverse perinatal outcome. Sepsis is the second factor 
contributing most to the composite adverse perinatal outcome, 
although maternal age is not a known risk factor for sepsis. One 
other study using a population-based cohort in Denmark contain-
ing 369 516 women, addressed the composite adverse perinatal 
outcome by combining chromosomal abnormalities, congenital 
malformation, miscarriage, stillbirth and birth before 34 weeks of 
gestation. They found an increase in this composite outcome in 
women aged 35-39 years (7.0%) and ≥40 years (10.8%) in compar-
ison with women aged 20-34 years (5.5%).28 In our cohort, still-
birth is seen more often in women with AMA, with an absolute risk 
between 0.2% and 0.3%, which is comparable to other studies in 
high-income countries in women with white ethnicity.3,6,37,38 In a 
retrospective cohort study in the USA that included 37 504 230 
women, there was an increase in rates of stillbirth from age ≥35.11 
In a systematic review and meta-analysis in women aged ≥35 years, 
an increased risk of stillbirth was seen in comparison with the ref-
erence group (OR 1.75, 95% CI 1.62-1.89).39 Most stillbirths in 
AMA are explained by congenital abnormalities.40 Stillbirths in our 
study, however, should not be attributable to congenital abnormal-
ities, since we excluded all neonates with a congenital anomaly. 
However, misclassification of congenital anomalies cannot be ruled 
out.41 We found no difference in neonatal death, as described by 
others, possibly due to the low incidence of neonatal death in our 
cohort.39
Composite adverse maternal outcome was seen significantly 
more in women with AMA, with postpartum hemorrhage >1000 mL 
as the most contributing factor. Uterine atony accounts for most 
cases of postpartum hemorrhage.42 We were not able to differen-
tiate between the multiple etiologies for postpartum hemorrhage 
in our study based on the Perined data. We found no increase in 
maternal death, which is a rare outcome in high-income countries, 
whereas in both low- and high-income countries an increase in ma-
ternal death is described with AMA.4,37 Adverse maternal outcomes 
such as placental abruption have been studied before and have been 
associated with AMA.39,43 In our study, we did not find a relation 
between AMA and placental abruption, probably due to the low in-
cidence of this outcome.
The Royal College of Obstetricians and Gynaecologists’  opinion 
paper on induction of labor at term in older mothers provides an 
argument for offering induction of labor at 39-40 weeks of ges-
tation to women ≥40 years of age because of an increased risk of, 
for example, stillbirth. This practice would reduce both perinatal 
and maternal adverse outcomes, but they raise awareness of the 
effect of induction of labor in women of AMA.44 In addition, the 
35/39 trial found that, among nulliparous women aged ≥35 years, 
induction of labor at 39 weeks of gestation had no significant ef-
fect on rate of cesarean section or on other adverse perinatal and 
maternal outcomes, as compared with expectant management.29 
In our cohort study, we showed that the risks on adverse perina-
tal or maternal events increase in late- and postterm pregnancies, 
irrespective of maternal age, although women aged ≥40 carried 
the highest risk of an adverse outcome. This implies that they 
probably would benefit from labor induction before 41 weeks + 
0 days of gestation. Our findings could be helpful in the process 
of shared decision-making weighing different management strat-
egies in low-risk women with AMA and/or increasing gestational 
age.
The Perined database consists of all types of maternal and peri-
natal characteristics and pregnancy outcomes.8 We used perinatal 
and maternal birth outcomes to create a composite adverse peri-
natal and maternal outcome which represents a clinically relevant 
adverse outcome. We excluded women with gestational diabetes. 
Since the prevalence of gestational diabetes in the study period was 
expected to be 5%, and we excluded 14 809 (.8%) of women with 
gestational diabetes, we could not rule out the possible influence 
of women with (unreported) gestational diabetes in our cohort. We 
could not use data on perinatal high care admission, cephalic hema-
toma, umbilical cord pH, plexus brachialis lesions, shoulder dystocia 
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and maternal obstetric anal sphincter injuries because these items 
are not registered systematically (free entry field) in the database or 
are known for underreporting. We were also not able to define the 
indications to induce labor and therefore we could not assess possi-
ble associations between induction of labor and composite adverse 
perinatal outcomes. Risk factors for adverse perinatal and maternal 
outcome such as smoking and body mass index were not entered 
in the Perined registration before 2011. Therefore, we were not 
able to make statements on these risk factors. We used data from a 
historical cohort from 1999 to 2010 because after 2010 the coding 
in the Perined registration system changed. Therefore, the newer 
database could not yet be combined with our data. Data should also 
be interpreted in the light of changing policy in term and late-term 
pregnancy in the Netherlands to more frequent induction of labor 
at 41 weeks + 0 days of gestation.45-47
We are aware of the limitations and pitfalls of using national reg-
ister-based data.24,41 One of the major pitfalls, besides the historical 
cohort as mentioned earlier, is the representation of our cohort for 
the Dutch and high-income countries. These findings may therefore 
not apply to other maternity care settings. Another limitation could 
be that we excluded women with high blood pressure and gestational 
diabetes, both of which occur more often in women with AMA and are 
associated with adverse outcomes. Therefore, we excluded women 
who would have been at a higher risk on adverse perinatal outcomes, 
thereby underestimating the effect of AMA on adverse perinatal 
outcomes.
The strength of our study is that we could use a large nation-
wide cohort which still contained data on pregnancies ≥42 weeks 
+ 0 days. Therefore, our study could determine the association of 
gestational age and maternal age with composite adverse perinatal 
and maternal outcome.
5  | CONCLUSION
In low-risk women, the risk of adverse pregnancy outcomes in-
creases with advancing maternal age. When adjusted for parity, 
onset of labor and gestational age, AMA is associated with an in-
crease in both composite adverse perinatal and maternal outcomes. 
Women aged ≥40 have an increased risk of adverse perinatal and 
maternal outcomes when pregnancy goes beyond 41 weeks, 
though the absolute risk of perinatal death is low. Our conclu-
sions can help clinicians to inform women of AMA to guide clinical 
decision-making.
ACKNOWLEDG MENTS
We thank all healthcare professionals for entering data into the 
Perined database. We thank Perined for use of the Perined database.
CONFLIC T OF INTERE S T
B.W.M. is supported by a NHMRC Practitioner Fellowship 
(GNT1082548). B.W.M. reports consultancy for ObsEva, Merck and 
Guerbet.
ORCID
Joep C. Kortekaas  https://orcid.org/0000-0002-5851-3728 
Brenda M. Kazemier  https://orcid.org/0000-0002-6656-2482 
Judit K. J. Keulen  https://orcid.org/0000-0003-0694-0637 
Aafke Bruinsma  https://orcid.org/0000-0001-8902-8795 
Ben W. Mol  https://orcid.org/0000-0001-8337-550X 
Frank Vandenbussche  https://orcid.org/0000-0003-2705-8416 
Jeroen Van Dillen  https://orcid.org/0000-0001-6958-572X 
Esteriek De Miranda  https://orcid.org/0000-0002-0392-4626 
R E FE R E N C E S
 1. Royal College of Obstetricians and Gynaecologists (RCOG). 
Induction of labour at term in older mothers. Scientific impact 
paper no. 34. London: RCOG; 2013.
 2. Schimmel MS, Bromiker R, Hammerman C, et al. The effects of 
maternal age and parity on maternal and neonatal outcome. Arch 
Gynecol Obstet. 2015;291:793-798.
 3. Kenny LC, Lavender T, McNamee R, O'Neill SM, Mills T, Khashan AS. 
Advanced maternal age and adverse pregnancy outcome: evidence 
from a large contemporary cohort. PLoS ONE. 2013;8:e56583.
 4. Laopaiboon M, Lumbiganon P, Intarut N, et al. Advanced maternal 
age and pregnancy outcomes: a multicountry assessment. BJOG. 
2014;121(Suppl 1):49-56.
 5. Flenady V, Koopmans L, Middleton P, et al. Major risk factors for 
stillbirth in high-income countries: a systematic review and me-
ta-analysis. Lancet. 2011;377:1331-1340.
 6. Haavaldsen C, Sarfraz AA, Samuelsen SO, Eskild A. The impact of 
maternal age on fetal death: does length of gestation matter? Am J 
Obstet Gynecol. 2010;203:554.e1-8.
 7. Centraal Bureau voor de Statistiek (CBS)/Statistics Netherlands. 
Birth, numbers/Geboorte; kerncijfers (Dutch). 2019; https://opend 
ata.cbs.nl/statl ine/#/CBS/nl/datas et/37422 ned/table ?dl=644F. 
Accessed February 16, 2020.
 8. Perined team: HAA, Brouwers HB, Dijs-Elsinga J, et al. Perinatal 
birth registration the Netherlands. 2010 https://assets.perin ed.nl/
docs/d5e03 59b-6030-4b01-b40b-0c0dc 6959b 19.PDF. Accessed 
February 16, 2020.
 9. Nybo Andersen AM, Wohlfahrt J, Christens P, Olsen J, Melbye M. 
Maternal age and fetal loss: population based register linkage study. 
BMJ. 2000;320:1708-1712.
 10. Page JM, Snowden JM, Cheng YW, Doss AE, Rosenstein MG, 
Caughey AB. The risk of stillbirth and infant death by each addi-
tional week of expectant management stratified by maternal age. 
Am J Obstet Gynecol. 2013;209:375.e1-7.
 11. Balayla J, Azoulay L, Assayag J, Benjamin A, Abenhaim HA. Effect 
of maternal age on the risk of stillbirth: a population-based co-
hort study on 37 million births in the United States. Am J Perinatol. 
2011;28:643-650.
 12. Herstad L, Klungsøyr K, Skjaerven R, et al. Maternal age and emer-
gency operative deliveries at term: a population-based registry study 
among low-risk primiparous women. BJOG. 2015;122:1642-1651.
 13. Dunn L, Kumar S, Beckmann M. Maternal age is a risk factor for 
caesarean section following induction of labour. Aust N Z J Obstet 
Gynaecol. 2017;57:426-431.
 14. Norsk gynekologisk forening. Overtidig svangerskap/Pregnancies 
over term. 2014. https://www.legef oreni ngen.no/foren ingsl edd/
fagme d/norsk -gynek ologi sk-foren ing/veile dere/veile der-i-fodse 
lshje lp-2014/35.-overt idig-svang erska p/. Accessed February 16, 
2020.
 15. Danish Society of Obstetrics and Gynaecology. Overtidig svanger-
skap/Pregnancies post due date. 2011. https://stati c1.squar espace.
com/stati c/5467a bcce4 b056d 72594 db79/t/567c1 98fa2 bab84 
1030  |     KORTEKAAS ET Al.
261e8 0551/14509 73583 966/15120 5+Monit oreri ng41%2B+Final 
+Korri geret_Alle.pdf. Accessed February 16, 2020.
 16. Caughey AB, Stotland NE, Washington AE, Escobar GJ. Who is at 
risk for prolonged and postterm pregnancy? Am J Obstet Gynecol. 
2009;200(683):e1-5.
 17. American College of Obstetricians and Gynecologists. Practice bul-
letin no. 146: management of late-term and postterm pregnancies. 
Obstet Gynecol. 2014;124:390-396.
 18. Middleton P, Shepherd E, Crowther CA. Induction of labour for 
improving birth outcomes for women at or beyond term. Cochrane 
Database Syst Rev. 2018;(5):CD004945.
 19. Nederlandse Vereniging voor Obstetrie en Gynaecologie/Dutch 
Society of Obstetrics and Gynaecology. Serotiniteit/postterm preg-
nancy. 2007. https://www.nvog.nl/wp-conte nt/uploa ds/2017/12/
Serot inite it-2.0-08-06-2007.pdf. Accessed February 16, 2020.
 20. Kortekaas JC, Bruinsma A, Keulen JK, et al. Effects of induction 
of labour versus expectant management in women with impend-
ing post-term pregnancies: the 41 week – 42 week dilemma. BMC 
Pregnancy Childbirth. 2014;14:350.
 21. Elden H, Hagberg H, Wessberg A, et al. Study protocol of SWEPIS, 
a Swedish multicentre register based randomised controlled trial 
to compare induction of labour at 41 completed gestational weeks 
versus expectant management and induction at 42 completed ges-
tational weeks. BMC Pregnancy Childbirth. 2016;16:49.
 22. Keulen JKJ, Bruinsma A, Kortekaas JC, et al. Induction of labour at 
41 weeks versus expectant management until 42 weeks (INDEX): 
multicentre, randomised non-inferiority trial. BMJ. 2019;364:l344.
 23. Cuschieri S. The STROBE guidelines. Saudi J Anaesth. 
2019;13:S31-S34.
 24. Meray N, Reitsma JB, Ravelli AC, Bonsel GJ. Probabilistic record 
linkage is a valid and transparent tool to combine databases without 
a patient identification number. J Clin Epidemiol. 2007;60:883-891.
 25. Centrale Commissie Mensgebonden Onderzoek (CCMO) in Dutch, 
Central Committee on Research Involving Human Subjects. 
Vragenlijstonderzoek (Dutch)/Questionnaire Research. https://
engli sh.ccmo.nl/inves tigat ors/types -of-resea rch/other -types 
-of-resea rch/quest ionna ire-research. Accessed February 16, 2020.
 26. Nederlandse Vereniging voor Obstetrie en Gynaecologie/Dutch 
Society of Obstetrics and Gynaecology (NVOG O). Datering van 
zwangerschap/pregnancy dating. Utrecht, the Netherlands: The 
Dutch society; 2018.
 27. Walker KF, Malin G, Wilson P, Thornton JG. Induction of labour ver-
sus expectant management at term by subgroups of maternal age: 
an individual patient data meta-analysis. Eur J Obstet Gynecol Reprod 
Biol. 2016;197:1-5.
 28. Frederiksen LE, Ernst A, Brix N, et al. Risk of adverse preg-
nancy outcomes at advanced maternal age. Obstet Gynecol. 
2018;131:457-463.
 29. Walker KF, Bugg GJ, Macpherson M, et al. Randomized trial of 
labor induction in women 35 years of age or older. New Engl J Med. 
2016;374:813-822.
 30. Saccone G, Berghella V. Induction of labor at full term in uncom-
plicated singleton gestations: a systematic review and meta-
analysis of randomized controlled trials. Am J Obstet Gynecol. 
2015;213:629-636.
 31. Richards MK, Flanagan MR, Littman AJ, Burke AK, Callegari LS. 
Primary cesarean section and adverse delivery outcomes among 
women of very advanced maternal age. J Perinatol. 2016;36:272-277.
 32. Greenberg MB, Cheng YW, Sullivan M, Norton ME, Hopkins LM, 
Caughey AB. Does length of labor vary by maternal age? Am J 
Obstet Gynecol. 2007;197(4):428.e1-428.e7.
 33. Treacy A, Robson M, O'Herlihy C. Dystocia increases with advanc-
ing maternal age. Am J Obstet Gynecol. 2006;195:760-763.
 34. Main DM, Main EK, Moore DH 2nd. The relationship between 
maternal age and uterine dysfunction: a continuous effect 
throughout reproductive life. Am J Obstet Gynecol. 2000;182: 
1312-1320.
 35. Muto H, Ishii K, Nakano T, Hayashi S, Okamoto Y, Mitsuda N. Rate 
of intrapartum cesarean section and related factors in older 
nulliparous women at term. J Obstet Gynaecol Res. 2018;44: 
217-222.
 36. Committee on Obstetric Practice American Academy of Pediatrics 
- Committee on Fetus and Newborn. Committee opinion No. 644: 
the Apgar score. Obstet Gynaecol. 2015;126:e52-e55.
 37. Klemetti R, Gissler M, Sainio S, Hemminki E. At what age does the 
risk for adverse maternal and infant outcomes increase? Nationwide 
register-based study on first births in Finland in 2005–2014. Acta 
Obstet Gynecol Scand. 2016;95:1368-1375.
 38. Reddy UM, Ko CW, Willinger M. Maternal age and the risk of 
stillbirth throughout pregnancy in the United States. Am J Obstet 
Gynecol. 2006;195:764-770.
 39. Lean SC, Derricott H, Jones RL, Heazell AEP. Advanced maternal 
age and adverse pregnancy outcomes: a systematic review and me-
ta-analysis. PLoS ONE. 2017;12:e0186287.
 40. Walker KF, Bradshaw L, Bugg GJ, Thornton JG. Causes of ante-
partum stillbirth in women of advanced maternal age. Eur J Obstet 
Gynecol Reprod Biol. 2016;197:86-90.
 41. de Jonge A, Wouters M, Klinkert J, et al. Pitfalls in the use of reg-
ister-based data for comparing adverse maternal and perinatal out-
comes in different birth settings. BJOG. 2017;124:1477-1480.
 42. Bateman BT, Berman MF, Riley LE, Leffert LR. The epidemiology of 
postpartum hemorrhage in a large, nationwide sample of deliveries. 
Anesth Analg. 2010;110:1368-1373.
 43. McCall SJ, Nair M, Knight M. Factors associated with maternal mor-
tality at advanced maternal age: a population-based case-control 
study. BJOG. 2017;124:1225-1233.
 44. Royal College of Obstetricians and Gynaecologists (RCOG). 
Induction of labour at term in older mothers. London: RCOG; 2013.
 45. The Royal Dutch Organisation of Midwives (Dutch: Koninklijke 
Nederlandse Organisatie van Verloskundigen). Factsheet sero-
tiniteit/Factsheet postterm pregnancy. 2015.
 46. The European Perinatal Health Report 2015 (PERISTAT). 2015. 
https://www.europ erist at.com/index.php/repor ts/europ ean-perin 
atal-healt h-repor t-2015.html. Accessed February 16, 2020.
 47. Dutch Society of Obstetrics and Gynaecology (NVOG). 
Serotiniteit/“post-term pregnancy”. 2007.
How to cite this article: Kortekaas JC, Kazemier BM, Keulen 
JKJ, et al. Risk of adverse pregnancy outcomes of late- and 
postterm pregnancies in advanced maternal age: A national 
cohort study. Acta Obstet Gynecol Scand. 2020;99:1022–
1030. https://doi.org/10.1111/aogs.13828
